The paper tries to add the network structure factors of agile supply chain network into agility evaluation. The paper firstly presents three concepts including node strength centrality, betweenness centrality, and network centrality. They are used to calculate the weight of node enterprises in the agile supply chain network. And then, a series of agility indicators are designed to evaluate agility of agile supply chain network. AHP is used to calculate the weight of the indicators. Next, these indicators are used to get initial agility evaluation matrix by means of Delphi method, Data Mining, and so forth. Then FCE is used to calculate the membership degree on agility of node enterprises by combining the evaluation matrix with the weight of indicators. Last, the evaluation result of comprehensive agility of agile supply chain network is calculated on the basis of considering the weight of node enterprises. This method can reflect the effect which the network structure of supply chain network makes on the agility of the supply chain network. It is a complement to the current evaluation methods of agility.
Introduction
The progress of information technology and the development of globalization make the supply chain system more dynamic and complex. The supply chain system is a type of complex network consisting of the related entities. It includes many of suppliers, manufacturers, retailers, and customers. In the supply chain system, a new entity enters the system, which creates new connections between entities. Meanwhile, lots of interaction and interdependency relationships exist between different entities, progresses, and resources in the supply chain system. These interaction and interdependency relationships are highly nonlinear, multiscale, and complex. They cause interaction between the network structure and the function of the supply chain network, which leads to the evolution and the self-organization movement of the supply chain network [1] .
From the view of complex network, the node represents business unit which can make decision independently; the link between nodes represents exchange relationship and underlined order. Thus, the complex network model can be constructed to mirror the supply chain system. The complex network model can reflect the characteristics of the efficient supply chain system [2, 3] . This assumption has been realized and studied by some researchers [4] [5] [6] [7] .
The current changing market environment and dynamic evolution of business organization require that the supply network should become more agile so that the unpredicted market demand can be efficiently and effectively satisfied by means of dynamic, adaptive, separable network evolution and movement. Meanwhile, the unpredictable changes in the internal and external environment require that the supply chain system possesses the corresponding responsive ability [8] . However, the network structure decided by the way of organization and the approach of link between individual nodes, such as regular network, random network, and scalefree network, can affect the responsive speed and ability of the supply network, accordingly affecting the agility of the supply chain. In other words, the network structure affects the function and the behavior; at the same time, agility is a kind of attribute of the function and the behavior. Thus, the network structure is related to the agility closely. So, the research on 2 Mathematical Problems in Engineering the agility of the supply chain system must consider the state of network structure [9] . In the research literature on agility, there are two ways to follow: one way is to synthesize the evaluation results of agility of each individual node in the supply chain system to get the agility of the supply chain [10, 11] . The defect of this way is that the evaluation result cannot reflect the effect which can be made by the whole network structure factors on the agility of the supply chain system. Another way is to view the supply chain system as an entirety and use a series of indicators assessing the entirety to evaluate the agility level in order to get the agility of the whole supply chain [12] . This approach seems to consider the comprehensiveness and wholeness but has great subjectivity. Because of lack of indicators which can accurately reflect the effect of the whole network structure, it is hard to get a scientific and reasonable evaluation result.
The paper adds the network structure factors into the agility evaluation of the supply chain system and meanwhile considers the types of node enterprises, the weight of node enterprises, and the weight of indicators and then obtains the comprehensive evaluation result finally. This method combines the analytic hierarchy process (AHP) with the fuzzy comprehensive evaluation (FCE) method based on incorporating the network structure factors into constructing a comprehensive evaluation method system in order to get the comprehensive agility evaluation result of the agile supply chain network.
The Concept of Agility
From the view of enterprise agility, the meaning of agility differs from the types of enterprises. The meaning of agility of the whole supply chain network is also different from the agility of single enterprise.
First, we give the definitions of agility of different types of node enterprises.
The agility of the node enterprise as a supplier is the ability of making response to sudden and unexpected changes [10] .
The agility of the node enterprise as a manufacturer has two typical definitions. One definition is the ability of quick switching among different product models and production lines, which focuses on flexibility of production processes and procedures in order to respond to customer needs real-time and ideally [13] . Another definition is that enterprises quickly reconstruct the existing processes and explore new processes to follow after the demand trend in order to improve the ability of surviving in the highly dynamic competitive market environment [14] .
The agility of the node enterprise as a distributor has two typical definitions. One definition is the surviving and development ability which can make response to quick changing and unexpected market by encouraging customers to engage in designing product and service in a competitive environment [15] . Another definition is the ability of providing low cost and high quality product with the short lead time and different quantity in order to create value for customers by customization [16] .
Second, the definition of agility of the whole supply chain network is a kind of ability that the whole supply chain and its members rapidly form network alliance and carry out operations in order to deal with dynamic and volatile customer demand [17] .
All the above definitions provide guides for designing different agility indicators for different types of node enterprises and the wholeness of the supply chain.
Research Approach
In the current research on agility evaluation of agile supply chain network, there are researches on the whole supply chain network and on the individual node enterprise. The paper deems that we should consider not only the network entirely and dynamically but also the position and influence of node enterprises in the agile supply chain network because the position and influence of node enterprises are different from each other. The agility influence of node enterprises is not the same in the whole supply chain network. So, the paper designs an agility evaluation model mixing with the influence of node enterprises on agile supply chain network. The research procedure includes four stages as follows.
First, use complex network theory to calculate three parameters in the agile supply chain network. They are node strength centrality, betweenness centrality, and network centrality. Then get the weight of individual node enterprises in agile supply chain network through processing these three parameters comprehensively.
Second, categorize the node enterprises into three basic types: suppliers, manufacturers, and distributors, and then design different evaluation indicators according to the types of node enterprises and use AHP to calculate the weight of indicators.
Third, use fuzzy comprehensive evaluation (FCE) to deal with the initial evaluation value of agility indicators which is produced by means of Delphi method, Data Mining, and so forth, and then use the weight of indicators to process the evaluation result.
Last, combine the agility evaluation result of node enterprises with the weight of node enterprises in order to calculate the comprehensive agility of the whole supply chain network. This method considers not only the agility of different types of node enterprises but also the effect which network structure makes on the agility. The schematic diagram of technology roadmap is as shown in Figure 1 . structure relationship is embodied in the following three parameters. Three parameters of node enterprises in agile supply chain network are designed by means of complex network theory [18] . They are node strength centrality, betweenness centrality, and network centrality.
The Procedure of Agility Evaluation
Definition 1 (node strength centrality, ( )). Node strength centrality is that node strength of one node accounts for the proportion of the sum of node strength of all nodes. Node strength centrality can reflect the extent to which the responsive ability of one node can make a contribution to the responsive ability of the whole supply chain. The formula is as shown in
where = ∑ ∈Ω , where means the weight of the edge ( , ) and is an adjacency matrix element; if node V links to node V , is 1; otherwise, equals 0. Ω means the set of neighbor nodes of node V .
Definition 2 (betweenness centrality, ( )). Betweenness centrality is that the number of shortest roads going through node accounts for the proportion of total number of shortest roads in the whole network, which represents the contribution which node makes to keep the network connective. The formula is as shown in
where means the number of all shortest roads between node and node in the whole network and ( ) means the number of the shortest roads between node and node which go through node .
Definition 3 (network centrality, ( )). Network centrality of node is a reciprocal of the sum of all distances from node to all other nodes, which represents position feature in the network; the bigger the number is, the closer node is to the network center; in other words, the influence of node is more obvious. The formula is as shown in
where means the number of edges being contained in the shortest path from node to node and means the total number of nodes in the network.
The Evaluation Model of the Weight of Node Enterprise.
The basic idea of the model is to treat each node enterprise as a strategy and treat the indicators being used to evaluate enterprise influence as the properties of the strategy. The gap between the strategy of a certain enterprise and the best strategy or the worst strategy can reflect the influence level of the enterprise.
First, establish influence indicator matrix of node enterprises in agile supply chain network.
Suppose that there are enterprises in the agile supply chain network; the number of influence indicators is , so we can create a set of strategies = { 1 , . . . , } and a set of indicators = { 1 , . . . , }. ( ) means influence indicator of enterprise . Influence indicator matrix is as shown in
Because indicator dimensions are different from each other, they need to be standardized:
After standardization, the influence indicator matrix is * = ( ) * . 
Third, calculate the gap between each strategy indicator and the best strategy indicator or the worst strategy indicator:
Fourth, calculate proximity to the best strategy and use to measure the influence level of enterprise :
The influence level of enterprise is proportional to proximity .
Finally, we get the weight of the node enterprise :
4.3. The Comprehensive Agility Evaluation. Some of the influence factors on agility of supply chain network can be quantitatively evaluated directly and some of them cannot. Fuzzy comprehensive evaluation (FCE) is a combination of qualitative and quantitative features [19] [20] [21] . It can reflect the agility of various influence factors comprehensively. On the basis of comprehensive influence indicators evaluation of node enterprises, take enterprises influence indicators as parameters being used to build the model of evaluating agility of supply chain network. According to fuzzy comprehensive evaluation theory, define = { ,1 , ,2 , . . . , , } as a set of influence factor indicators of agility of node enterprise .
Evaluation levels of all node enterprises are the same, which can be defined as = { 1 , 2 , . . . , }. For each influence factor's indicators in , a team of experts give fuzzy evaluation by means of a set of factor indicators and get evaluation matrix ( × ) of node enterprise :
,12 ⋅ ⋅ ⋅ ,1 ,21 There is the number of experts that deem that factor , makes level effect on agility.
, is the ratio that the above experts account for the proportion of all experts in the team, which reflects membership degree of , on .
Meanwhile, the team grade the factor indicators and use AHP [22] to analyze the weight of factor indicators, forming a weight matrix (1 × ) of factor indicators on agility:
According to the evaluation matrix and the weight matrix , we can obtain the evaluation result on agility of node enterprise :
The evaluation results of all node enterprises form evaluation matrix ( × ) of agility for agile supply chain network; the matrix is shown as The level of service quality (C3)
The rate of product satisfaction (C31) The rate of customer complaint (C32) The rate of solved customer complaint (C33) According to formula (10), we can calculate the weight coefficient, (11) , and get enterprise weight matrix
At last, we obtain the comprehensive agility evaluation result of agile supply chain network: * = * ⋅ * .
Case Analysis
There is an agile supply chain network including three suppliers of the first class, two suppliers of the second class, three manufacturers, and four distributors. The network structure of agile supply chain is shown as Figure 2 .
Step 1. Use formulas (1), (2), and (3) to calculate node strength centrality ( ), betweenness centrality ( ), and network centrality ( ) of node enterprises, as shown in Table 1 . The data in Table 1 can be processed by unifying indicator dimensions; then get unified dimensional influence indicator matrix 
According to the standardized matrix * , we can use the best strategy indicator set + , (7), and the worst strategy indicator set − , (8) , to calculate the gap between each strategy and the best strategy or the worst strategy: 
Then calculate proximity (10) to the best strategy; finally calculate the weight of each node enterprise, as shown in Table 2 .
Step 2. Design evaluation indicator system of agility of supply chain network and use AHP to calculate the weight of indicators. The indicator system is as shown in Table 3 . Use AHP to calculate the indicator weight; the example of calculation is shown as in Table 4 .
The calculation result of all indicators is shown as in Table 5 .
Step 3. Calculate the membership degree of the indicator evaluation grade. Use a series of methods such as Delphi method and Data Mining to get initial membership degree of the 2nd-class indicators of suppliers, manufacturers, and distributors, as shown in Tables 6-8. Combine the membership degree of the 2nd-class indicators with their weight; then get the membership degree of the 1st-class indicators, as shown in Table 9 .
Step 4. Calculate the agility membership degree of node enterprises combining the weight of the 1st-class indicators, as shown in Table 10 .
Step 5. Calculate the result of comprehensive agility evaluation of agile supply chain network.
Combine the agility evaluation result of the node enterprises with the weight of the node enterprises; then get the result of comprehensive agility evaluation of agile supply chain network, as shown in Table 11 .
Conclusions
In the agility evaluation of the agile supply chain network, we consider not only the weight of agility evaluation indicators but also the weight of node enterprises which reflects the effect of the structure of supply chain network on the agility. This is a complement to current evaluation methods of agility.
The paper firstly presents three concepts: node strength centrality, betweenness centrality, and network centrality, and it uses them to calculate the weight of node enterprises. Secondly, it uses AHP to calculate the weight of indicators which are used to evaluate agility of agile supply chain network. Thirdly, the paper uses Delphi method, Data Mining, and so forth to get initial agility evaluation matrix and then combines the matrix with the weight of indicators in order to get the agility membership degree of indicators. Lastly, it calculates the result of comprehensive agility evaluation of agile supply chain network on the basis of considering the weight of node enterprises.
The paper starts the research from the point of the network structure relationship of the individual node. In the future, the research can be carried out on effect which could be made by the characteristics of the whole network structure and their change on agility. For example, some characteristic indicators and their change can make influence on the agility of supply chain network, such as the largest functional network, clustering coefficient, and characteristic path length. The interaction mechanism between these characteristics and the agility of the supply chain network is worthy to be studied in order to improve the agility level of the supply chain network through adjusting the scale or the structure of the supply chain network. This is the work to be carried out for further research in this field. 
